In order to obtain practical experience on the recognition, assessment and evaluation of discomfort in laboratory animals, the degree of discomfort was studied in gallstone-free and gallstone-bearing mice. Out of nine parameters to which scores were assigned per individual mouse, only the response to palpation of the right hypochondrium was found to score significantly higher in gallstone-bearing mice. That is, the incidence of squeaking and the magnitude of muscular contractions were significantly higher in these animals compared with the gallstonefree mice. The stance of the gallstone-bearing mice also tended to be abnormal, although the difference between gallstone-free and gallstonebearing animals did not reach statistical significance. Although this study does not prove unequivocally that the induction of gallstones per se causes discomfort or pain in mice, we tentatively conclude that it does. We feel that this should be taken into account in any projected work in which gallstone induction in animals may occur. There was considerable between-assessor variation in the assignment of scores to the variables used to assess discomfort, including the response to palpation. It is concluded that the selection of parameters and the experience and/or attitude of the assessor are critically important when the magnitude of discomfort, if any, is assessed in experimental animals.
Summary
In order to obtain practical experience on the recognition, assessment and evaluation of discomfort in laboratory animals, the degree of discomfort was studied in gallstone-free and gallstone-bearing mice. Out of nine parameters to which scores were assigned per individual mouse, only the response to palpation of the right hypochondrium was found to score significantly higher in gallstone-bearing mice. That is, the incidence of squeaking and the magnitude of muscular contractions were significantly higher in these animals compared with the gallstonefree mice. The stance of the gallstone-bearing mice also tended to be abnormal, although the difference between gallstone-free and gallstonebearing animals did not reach statistical significance. Although this study does not prove unequivocally that the induction of gallstones per se causes discomfort or pain in mice, we tentatively conclude that it does. We feel that this should be taken into account in any projected work in which gallstone induction in animals may occur. There was considerable between-assessor variation in the assignment of scores to the variables used to assess discomfort, including the response to palpation. It is concluded that the selection of parameters and the experience and/or attitude of the assessor are critically important when the magnitude of discomfort, if any, is assessed in experimental animals.
The recogmtlOn and measurement of pain, distress and discomfort in experimental animals is a serious practical problem. Recently Morton and Griffiths (1985) have proposed guidelines to address this problem, but these guidelines have not yet been validated in practice.
In the course of our studies concerning dietary effects on gallstone formation (ct. we had the opportunity to evaluate gallstone-bearing mice and to assess the degree of possible discomfort in these animals compared with their gallstone-free counterparts. Discomfort was measured quantitatively according to a scheme somewhat similar to that proposed by Morton and Griffiths (1985) except that the present scheme had nine independent criteria while that of Morton and Griffiths (1985) had five. The objective of the present study was not to validate and/or to evaluate the guidelines of Morton and Griffiths (1985) but to tryout the assessment scheme in practice. It was anticipated that the information thus obtained would provide clues as to the feasibility of the assessment of discomfort in laboratory animals.
Materials and methods

Animals, housing and diets
Female and male mice of the C57BUU strain were used. The strain is fully inbred and is maintained at the Department of Laboratory Animal Science, Utrecht. In a previous study (Beynen, Katan & Van Zutphen, ] 985) in which a high cholesterol, high cholic acid diet was fed to seven inbred strains of mice, the C57BL/U strain was found fortuitously to be the only strain that developed gallstones.
The mice were kept in wire-topped polycarbonate cages with a layer of sawdust (Woody Clean® Shavings: Broekman Institute, Helmond, The Netherlands) as bedding. Mice of the same sex were housed in groups of two to four and seven to 14 animals ( The mice were fed a commercial pelleted (10 mm diameter) mouse diet (RMH-B®: Hope Farms, Woerden, The Netherlands). At the beginning of the experiment (day 0) the mice of each sex were divided into a control group and a diet group. The control mice received the low cholesterol commercial diet (analysed cholesterol content, 23 mg/l00 g). The diet groups received a pelleted (8 mm diameter) diet which consisted of the commercial diet (92-5%, wt/wt) to which cholesterol (2%), cholic acid (0·5%) and olive oil (5%) had been added. Food and tap water were provided ad libilum.
Assessment of discomfort
Discomfort was assessed quantitatively by three veterinarians (VB, APMGB and RH) who are familiar with experimental animals. Beforehand, each assessor had discussed the assessment scheme with ACB. Concerning the experimental mice the assessors were told only that they would be dealing with either gallstone-free or gallstone-bearing animals.
The assessment of discomfort was carried out on days 22 (VB), 23 (RH) and 27 (APMGB) of the experiment between 09.00 and 14.00 h. The veterinarians carried out the assessment independently and 'blind'. The cages were only identified by a number (Table  1) , and the animal technician (APMH) and ACB were the only ones acquainted with the diet code. Food hoppers were emptied before the assessors entered the animal house so that the assessors could not bias their results on the basis of the difference in pellet diameter between the two diets. The mice were scored per cage in random order to avoid any bias due to gradually changing standards. The cage order (Table 1 ) differed per asst;ssor: VB, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, ]2, 13, 14, 15, 16, 17, 18, 19; RH, 7, 8, 9, 10, II, 12, 13, 14, 15, 16, 17, 18, 19, 1, 2, 3, 4, 5, 6; APMGB, 14, 15, 16, 17, 18, 19, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13. Assessment of the magnitude of discomfort was performed by measuring nine independent variables per individual animal. Scores of 0-3 were assigned to each variable, with 0 given if no abnormal variation was detected. Depending on the severity of the abnormality, scores ranging from 1 to 3 were assigned. The variables measured successively and the criteria for scoring were as follows.
Behaviour within the group
If an individual animal was on its own, away from its mates, or if the animals were very restless or did not move at all, this was considered to be ample evidence of abnormal behaviour (score of 1-3).
Subsequently, the mIce were assessed individually.
Individual behaviour (1)
A mouse was transferred into an empty cage, Makrolon type I, containing a layer of sawdust. Behaviour was now assessed on the basis of exploratory activities, such as standing upright, sniffing and grooming. If two out of the three activities were observed within about 10 s, the score was O.
The appearance of the mice was assessed on the basis of seven criteria.
Stance (2)
This was measured during the exploratory activities. If the animal was hunched up or moved in an uncontrolled manner, a score of 1-3 was assigned.
Subsequently, the mouse was handled, and its appearance was assessed more closely. The following variables were measured.
Hair coat (3)
Failure to groom, piloerection (uprightness of the coat hairs) and hair loss were the signs on which scores ranging from 1 to 3 were based.
Position of the eyes (4)
Bulging or sunken eyes were considered abnormal.
Discharge from the eyes and nose (5)
If 37 present, scores ranging from 1 to 3 were assigned, depending on the gravity.
Cleanliness of the anal orifice (6) A heavily soiled anal orifice would obtain a score of 3.
Condition of the tail (7)
A lustreless, dry tail and the presence of scales were considered abnormal. (8) The colour of the extremities was assessed: a blue colour would be taken as a sign of abnormal circulation.
Condition of paws and ears
Palpation of the right hypochondrium (9)
The mouse was held by the scruff of the neck with one hand, and with the other hand the right hypochondrial area of the body was pressed gently. The animal was observed carefully for excessive grunting or squeaking, for excessive tension of muscles and for excessive switching with the tail.
The order in which the animal groups were studied by each assessor is given above. The procedure for assessment of discomfort was carried out for each individual animal in each cage. The order in which the animals of one group (i.e. cage) were assessed was determined by random sampling.
Examination for gallstone formation
At day 28 of the experiment 12 animals of each sex and diet group were randomly chosen for blood sampling and examination of the gallbladder. Blood samples were taken in the non-fasting state (between 09.00 and 13.00 h) by orbital puncture under light diethyl ether anaesthesia (the results of plasma analyses will be reported elsewhere). Subsequently, the anaesthetized animals were killed by cervical dislocation, and the livers were removed. The gallbladder was examined visually for the presence of gallstones.
Results
The body weight of the male mice fed the high cholesterol, high cholicacid diet was significantly lower than that of the control males (Table 2 ). However, in the females no such difference was seen. It is unfortunate that food and water intake of the individual animals could not be measured because they were housed in groups. Moreover, because we used cages with a layer of sawdust as 'bedding it would have been impossible to correct for food and water spillage.
In both female and male animals the consumption of both cholesterol and cholic acid drastically increased liver weight. Hepatomegaly, expressed as a percentage increase in liver wet weight, was about 65%. Figure 1 illustrates the liver enlargement and the greywhite appearance of the liver after feeding the high cholesterol, high cholic acid diet for 28 Table 2 . Body and liver weights and gallstone incidence in mice fed either the low or the high cholesterol diet for 28 days Body weight" (g) Liver weight"'" days. In another study of exactly the same design and using male C57BUU mice, we found that the high cholesterol diet increased the activities of the indicator enzymes for liver function (alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase) by 200%, 60% and 360% respectively (Beynen et at., unpublished) . The high cholesterol diet significantly induced the formation of gallstones in female and male mice ( Table 2 ). The gallstones within the gallbladder could be observed by the naked eye as spherical aggregates (Fig. 2) . The diameter of the stones ranged between about 0·1 and 0·8 mm.
The behaviour of the animals within the group tended to score higher in the mice fed the high cholesterol diet. Group mean scores averaged for the three assessors of the male and female groups (n, number of groups) fed the low cholesterol diet were 0·1 (n = 4) and 0 (n = 2) respectively. After feeding the high cholesterol diet these values were 0·3 (n = 7) and 0·3 (n = 5) for male and female mice respectivel y. However, these results should be 39 interpreted with caution since the number of cages and the number of animals per cage differed markedly between the control and experimental groups (Table 1) . Table 3 shows the results of the assessment of discomfort in the gallstone-free and gallstone-bearing mice. Most of the variables studied did not appear to discriminate between control and dietary groups. These variables are individual behaviour, hair coat, position of the eyes, discharge from the eyes and nose, cleanliness of the anal orifice and condition of the tail and of paws and ears (Table 3) . It is important to note that the appearance of the coat scored higher in the males than in the females, probably as a result of fighting among the males. The type of hair coat and skin abnormalities found in the males would support this. The position of the eyes tended to have a rather high frequency of abnormalities. The assessors attribute this to the relatively high incidence of microphthalmia in the C57BUU strain.
From Table 3 it appears that assessment of stance and palpation of the right hypochon- Fig. 2 . Appearance of gallstones in a mouse fed the high cholesterol, high cholic acid diet for 28 days. The diameter of the spherical aggregates ranged from about O·I to 0,8 mm. drium may allow discrimination between gallstone-free and gallstone-bearing mice. It is important to stress that with respect to the palpation scores there was a considerable between-assessor variation. On the assumption that there may not be a difference between males and females in the degree of discomfort caused by the high cholesterol, high cholic acid diet, the results for both sexes were pooled. The best estimate of each score is the average score given by the three assessors. Table 4 presents the mean frequency distribution of the scores from the assessment of stance and palpation of the right hypochondrium. The difference between the frequency distributions of stance scores did not reach a level of statistical significance. The response to palpation, however, was significantly altered after feeding the high cholesterol diet. Thus in the gallstone-bearing mice the incidence of ab- Frequency distributions of palpation scores on the low and high cholesterol diets were significantly different (P < 0·01; X normal responses to palpation, such as squeaking and exaggerated muscular responses, was significantly higher than in their gallstone-free counterparts.
Discussion
The feeding of a high cholesterol, high cholic acid diet to C57BL/U mice for 28 days clearly induced the formation of gallstones. Ebihara and Kiriyama (1985) recently reported similar observations in male ICR mice, and the gallstones formed were found to be typical cholesterol gallstones. Apart from the presence of gallstones, the mice fed the high cholesterol diet also had hepatomegaly (Table  2) and probably impaired liver function. We have used 10 parameters to assess the degree of discomfort in the gallstone-bearing mice. Because of the relatively small number of cages in the control and diet groups, the scores of behaviour within each cage group do not allow firm conclusions. Of the nine parameters assessed for each mouse, only the stance of the animal and the response to palpation discriminated between mice with or without gallstones, the difference in palpation scores between the diet and control groups reaching statistical significance. Thus it would appear that in mice the discomfort caused by gallstones and impaired liver function can be detected only if the proper discriminating parameters are assessed. These discriminating parameters will depend on the experimental conditions to which the animals are exposed. In practice this implies that for the assessment of discomfort in laboratory animals one should 41 either use a very extensive checklist with parameters or try to anticipate which parameters are relevant. The choice will probably depend on familiarity with the type of damage caused by the experimental treatment.
There can be a marked between-assessor variation in the scores assigned to a parameter (Table 3 ). This is illustrated by the scores assigned to the response to palpation. However, there was no such large variation in the scores assigned to the stance of the mice. The discrepancy may be caused by the use of different techniques of palpation. This study suggests that the assessment of discomfort in experimental animals should be performed preferably by more than just one assessor. These assessors should operate independently. Morton and Griffiths (1985) suggested that the magnitude of discomfort in an individual animal may be based on the sum of the scores (range, 0-4 per variable) of their five parameters, the maximum score being 20. Total scores ranging from 0 to 4 are considered 'normal' by Morton and Griffiths (1985) . Using our system with nine parameters (ct. Table 3 ) a maximum score of 27 could be attained. Since 'normal' is up to one-fifth of the maximum score in the scheme of Morton and Griffiths (1985) , our upper limit of the normal range would be 5·4. In this study, the highest score reached by an individual animal on the basis of assessment by one assessor was 6. This animal would thus be classified as just abnormal. However, the higher the number of nondiscriminating variables is, the lower will be the total score. Therefore, it could be suggested that discomfort should be judged on the basis of the most discriminating parameters.
The present study was not designed to validate and/or to evaluate the assessment scheme proposed by Morton and Griffiths (1985) . If we had wanted to do this, we should have used a technique that reliably induces pain to see whether it indeed produced high scores on the checklist. Then we would have to compare these scores with those achieved by the gallstone-bearing mice. In the light of the comments above it would have been a prerequisite that the pain elicited by the reliable technique affects the same parameters as the induction of gallstones.
In spite of these limitations we conclude tentatively that animals fed the high cholesterol diet experienced pain upon palpation. They may also experience pain continuously as the stance of the gallstone-bearing mice tended to be abnormal. We are well aware of the fact that our study does not prove that gallstones per se cause discomfort in mice. For instance, the observed hepatomegaly could also be the causative factor. In retrospect it would have been interesting to see whether stance and palpation response could be modified by the administration of an analgesic. Nevertheless, on the basis of this study we may conclude that induction of gallstones in mice causes suffering, although there will be inter-individual variation. This prompts us to study in future work the effects of diet on risk indicators for gallstone formation, rather than the endpoint, the formation of stones. In practice, this means that we shall study the effects of diet on lithogenicity of bile fluid. We are not in a position to judge the admissibility, on either scientific or ethical grounds, of any projected animal experiment in which gallstone formation may occur, but we feel that the outcome of the present study should be taken into account. 
